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Claim 



Heat-sensitive recording material, characterized by 
installing a leuco dye layer and a developer layer on a support, 
and an interlayer containing at least one of the compounds 
represented by the general formula below: 

General formula 



(Ri and represent hydrogen, straight-chain or branched alkyl 
group of 1-8 carbon atoms, cycloalkyl group, aryl group, aralkyl 
group, halogen, or nitro group; R, and Rj may be the same or 



NO 




different; n and m represent Integers of 0-5) • 



Detailed explanation of the inv^n^inn 



Field of the technology 



The present invention concerns improvement of reliability of 
recorded images of heat-sensitive recording materials usihg leuco 
dyes and developers. 
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Conventional technology 

In general, heat-sensitive recording materials comprise a 
heat-sensitive color layer of mainly heat-sensitive coloration 
composition installed on a support such as paper, synthetic 
paper, plastic films, etc., and by heating with a thermal head, 
thermal pen, laser light, etc., color images are obtained. 
Compared with other recording materials, such recording materials 
have the advantages of not needing cumbersome processes of 
development, fixation, etc., rapid processing with simple 
devices, no noise, no environmental pollution, low cost, etc., 
and have been widely used in copying, computers, faxes, tickets, 
labels, recorders, etc. In general, the thermal color 
compositions used in such heat-sensitive recording materials 
comprise coloring materials and developers that make the coloring 
materials form colors upon heating. The coloring materials are 
usually colorless or lightly colored leuco dyes such as lactones, 
lactams, spiropyrans, etc., and the developers are various acidic 
materials such as organic acids, phenolic materials, etc. The 
recording materials using such combinations of coloring agents 
and developers provide brightly colored images with high 
background whiteness, and excellent weather resistance of the 
image (dye image) , thus widely used. 

However, even such heat-sensitive recording materials can 
not be said to be sufficient, and have many problems. One of the 
biggest problems is reliability of the images. Namely, 
coloration by simple application of heat with short access time 
is a simple operation without fixation, thus if heat is 
reapplied, recoloration may occiur, causing the recording 



materials to have low reliability. To overcome such drawbacks, 
diazo thermal recording method, thermal transfer recording 
method, etc., have been proposed. In the diazo thermal recording 
method, the background coloration is prevented by light exposure 
after thermal recording or thermal recording after light 
exposure. However, in this process, background yellowing and 
fogging may occur easily and the image part may have low light 
resistance. On the other hand, in the thermal transfer recording 
method, thermally fusible materials are transferred together with 
carbon, etc., to plain paper, with high image reliability, but 
there are problems of resolution and the requirement of transfer 
paper as well as receptor, resulting in increased cost for using 
two sheets of paper. 

Methods are proposed for prevention of background 
recoloration in leuco heat-sensitive recording materials. For 
example, in Japanese Kokai Patent Application Nos. 
Sho 55[1980]-51590 and Sho 58[1983]-123535, recoloration is 
prevented by light exposure after recording. However, in this 
case, the fixation is still not sufficient, and sometimes, the 
initial color density may be very poor. 

Recently, background fixation using photopolymerizable 
materials has been proposed (Japanese Patent Application No. 
Sho 59 [1984] -99998). The fixation is good by thermal pen, 
thermal plates, but it was is not sufficient with thermal head. 
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Objective 



It is an object of the present invention to provide heat- 
sensitive recording materials with markedly reduced recoloration 
by heat, namely, with improved recoloration prevention effects. 

Configuration 

The present invention proposes heat-sensitive recording 
materials, characterized by installing a leuco dye layer and a 
developer layer on a support, and an inter layer containing at 
least one of the compounds represented by the general formula (I) 
below. 

General formula 

N5» ,(R.)« 



0-CH=CH-C-^ 

(Ri)* 



(I) 



(R, and Rj represent hydrogen, straight-chain or branched alkyl 
group of 1-8 carbon atoms, cycloalkyl group, aryl group, aralkyl 
group, halogen, or nitro group; R, and Rj may be that same or 
different; n and m represent integers of 0-5) . 

The compounds represented by the above general formula (I) 
can be used alone, and can be polymerized photochemical ly with 
high sensitivity, without using photopolymerization initiators or 
sensitizers. Especially, the nitro group at the meta position 



6 



displays the highest photosensitivity, while substituents on the 
other benzene ring would not have any effect. On the other hand, 
compared with the m-nitro group, the p-nitro group would have 
very low photosensitivity. Similar effects can be observed in 
photochemical polymerization in solutions, thus it seems that the 
dominating factor of the photosensitivity is in the molecular 
electronic state, rather than in the crystal structure. While 
solid-state photopolymerization is described in, e.g., solid 
State Photochemistry , Schmidt et al., -Monograph in Modern 
Chemistry," Weinheim, New York (1976); Chemical Review, Vol. 83, 
No. 1 (1983), etc., no compounds of the above general formula of 
the present invention have been suggested. 

Specific examples of the chalcone compounds of the above 
general formula used in the present invention are as follows. 
l-Phenyl-3-m-nitrophenyl-2-propen-l-one 
l-p-Methylphenyl-3-m-nitrophenyl-2-propen-l-one 
l-m-Methylphenyl-3-m-nitrophenyl-2-propen-l-one 

l-p-Ethylphenyl-3-m-nitrophenyl-2-propen-l-one 

l-Isopropylphenyl-3-m-nitrophenyl-2-propen-l-one 

l-p-Isopropenylphenyl-3-m-nitrophenyl-2-propen-l-one 

l-p-Chlorophenyl-3-m-nitrophenyl-2-propen-l-one 

1-2,4, 6-Trimethylphenyl-3-m-nitrophenyl-2-propen-l-one 

1-2 , 4-Dimethylphenyl-3-m-nitrophenyl-2-propen-l-one 

1-m-Chloropheny 1-3 -m-nitropheny 1-2 -propen-l-one 

l-p-Butylphenyl-3-m-nitrophenyl-2-propen-l-one 

l-p-Octylphenyl-3-m-nitrophenyl-2-propen-l-one 

l-p-Methoxyphenyl-3-m-nitrophenyl-2-propen-l-one 

i-p-Phenylphenyl-3 -m-nitropheny 1-2 -propen-l-one 
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l-p-Ben2ylphenyl-3-m-nitrophenyl-2-propen-l-one 
l-p-Benzyloxyphenyl-3-m-nitrophenyl-2-propen-l-one 

The leuco dyes used in the present invention may be used 
alone or as mixtures thereof. Said leuco dyes may be chosen from 
dyes commonly used in heat-sensitive materials, e.g., 
triphenylmethane, fluoran, phenothiazine, auramine, spiropyran, 
indolinophthalide leuco compounds, etc. Specific examples of 
leuco dyes are given below. 
3 , 3-Bis (p-dimethylaminophenyl) phthalide 

3 , 3-Bis (p-dimethylaminophenyl) -6-dimethylaminophthalide (also 
known as Crystal Violet Lactone) 

3 , 3-Bis (p-dimethylaminophenyl) -6-diethylaminophthalide 

3 , 3-Bis (p-dimethylaminophenyl) -6-chlorophthalide 

3 , 3-Bis (p-dibutylaminophenyl) phthalide 

3-cyclohexylamino-6-chlorofluoran 

3-Dimethylamino-5 , 7-dimethylf luoran 

3-Diethylamino-7-chlorofluoran 

3 -Diethylamino-7-methylf luoran 

3-Diethylamino-7 , 8-benzof luoran 

3-Diethylamino-6-methyl-7-chlorof luoran 

3- (N-p-Tolyl-N-ethylamino) -6-methyl-7-anilinof luoran 

3-Pyrrolidino-6-methyl-7-anilinof luoran 

2-[N- (3 '-Trif luoromethylphenyl) amino] -6-diethylaminof luoran 

2- [3,6-Bis(diethylamino) -9-(o-chloroanilino)xanthylbenzoic acid 
lactam] 

3- Diethylamino-6-methyl-7- (m-trichloromethylanilino) f luoran 
3-Diethylamino-7- (o-chloroanilino) f luoran 
3-Dibutylamino-7- (o-chloroanilino) f luoran 

3- (N-Ethyl-N-amylamino) -6-methyl-7-anilinof luoran 



3- (N-Methyl-N-cyclohexylamino) -6-methyl-7-anilinof luoran 
3-Diethylaniino-6-methyl-7-anilinofluoran 
3-{Diethylamino) -5-inethyl-7-(M,M-dibenzylamino) f luoran 
Benzoyl leuco methylene blue 

6 '-Chloro-8'-methoxyben2oindolinopyrylospiran[ transliteration] 
6 ' -Broino-3 ' -methoxybenzoindolinopyrylospiran 
3- (2 ' -Hydroxy-4 ' -dimethylaminophenyl) -3- (2 ' -methoxy-5 ' - 
chlorophenyl) phthalide 

3- ( 2 ' -Hydroxy-4 ' -dimethylaminophenyl) -3- (2 ' -methoxy-5 ' - 
nitrophenyl) phthalide 

3 - (2 ' -Hydroxy-4 ' -diethylaminophenyl) -3- { 2 ' -methoxy-5 ' - 
methylphenyl) phthalide 

3- (2 ' -Methoxy-4 ' -dimethylaminophenyl) -3- (2 '-hydroxy-4 ' -chloro-5 ' - 
methylphenyl ) phthal ide 

3-Morpholino-7- (N-propyltrif luoromethylanilino) f luoran 
3-Pyrrolidino-7-trifluoromethylanilinof luoran 

3-Diethylamino-5-chloro-7- (N-benzyltrif luoromethylanilino) f luoran 
3-Pyrrolidino-7- (di-p-chlorophenyl) methylaminof luoran 
3-Diethylamino-5-chloro-7- (flt-phenylethylamino) f luoran 
3- (N-Ethyl-p-toluidino) -7- (a-phenylethylamino) f luoran 
3-Diethylamino-7- (o-methoxycarbonylphenylamino) f luoran 
3-Diethylamino-5-methyl-7- (a-phenylethylamino) f luoran 
3-Diethylamino-7-piperidinof luoran 

2- Chloro-3-(N-methyltoluidino) -7-(p-n-butylanilino) f luoran 

3- (N-Benzyl-N-cyclohexylamino) -5 , 6-benzo-7-a-naphthylamino-4 ' - 
br omof luor am 

3-Diethylamino-6-methyl-7-mesitidino-4 ' , 5 ' -benz of luoran, etc . 

In the present invention, the developers that are used for 
coloring the above leuco dyes upon heating are various electron 
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acceptors, such as phenolic materials, organic and inorganic 
acidic materials and their metal salts, aromatic amide compounds, 
aromatic urea compounds, etc. Specific examples are given below.' 

Clays, active white clay, activated silica, boric acid, zinc 
oxide, zinc chloride, aluminum chloride, 

4 , 4 ' -isopropylidenebisphenol , 4,4' -isopropylidenebis (o-cresol ) , 

4 , 4 ' -isopropylidenebis (o-tert-butylphenol) , 

4 , 4 '-isopropylidenebis (o-chlorophenol) , 

4,4' -cyclohexylidenebisphenol , 4,4' -bisphenolsulf one, 

4-hydroxy-4 ' -chlorodiphenylsulf one , 

4-hydroxy-4 ' -isopropoxydiphenylsulf one, isopropyl 

p-hydroxybenzoate, isobutyl p-hydroxybenzoate, benzyl 

p-hydroxybenzoate, p-chlorobenzyl p-hydroxybenzoate, 

salicylanilide, salicylic acid o-chloroanilide, salicylic acid 

m-trichloromethylanilide, dimethyl 4-hydroxyphthalate, 

2 -hydroxy-3 -naphthoic acid, benzyl 2-hydroxy-3-naphthoate, 

2 -hydroxy-3 -naphthoic acid anilide, zinc 2 -hydroxy-3 -naphthoate, 

zinc chloride/antipyrine complex, 

methylenebis (oxyethylenethio) diphenol , 4 -hydroxy acetophenone, 
novolak phenol resins, novolak phenylphenol resins, 
diphenylthiourea dl (m-chlorophenyl) thiourea, 
di (m-trif luoromethylphenyl) thiourea, etc. 

In the present invention, various binders may be used for 
supporting the above leuco dyes and developers on a support, 
e.g., polyvinyl alcohol, starch and its derivatives, 
methoxycellulose, hydroxyethylcellulose, carboxymethylcellulose, 
methylcellulose, ethylcellulose, and other cellulose derivatives; 
water-soluble polymers such as polyacrylic acid sodium salt, 
polyvinylpyrrolidone, acrylamide/acrylic acid ester copolymers. 
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aery lamide/ acrylic acid ester /methacry lie acid ester ternary 
cooplymers, styrene/maleic anhydride copolymer alkali salts, 
isobutylene/maleic anhydride copolymer alkali salts, 
polyacry lamide, sodium alginate, gelatins, caseins, etc.; latexes 
of polyvinyl acetate, polyvirethanes, styrene/ butadiene 
copolymers, polyacrylic acid, polyacrylic acid esters, vinyl 
chloride/ vinyl acetate copolymers, polybutyl methacrylate, 
ethylene/ vinyl acetate copolymers, styrene/butadiene/acrylic 
copolymers, etc. 

The fillers used in the present invention are inorganic fine 
particles such as calcium carbonate, silica, zinc oxide, titanium 
oxide, aluminum hydroxide, zinc hydroxide, barium sulfate, clays, 
talc, surf ace- treated calcium or silica, etc.; organic fine 
particles such as urea-formalin resins, starch, 
styrene/methacrylic acid copolymer, polystyrene, etc. 

In making the heat-sensitive recording materials of the 
present invention, a solution of mainly the compounds of the 
above general formula (I), leuco dyes, developers, and binders is 
coated on a support such as paper, synthetic paper, etc., and 
dried. 

In the present invention, the amount of leuco dyes used 
should be 0.2-1.0 g/n^, developer 0.5-3 g/m^, and the compounds of 
the general formula (I) 0.5-5 g/m*. 

Effects 

In the heat-sensitive recording materials of the present 
invention, the compounds of the above general formula (I) are 
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used as inter layers, and when heated, the inter layer is melted, 
and the dyes and developers are brought into contact causing 
coloration, while the compounds of general formula (I) is are 
converted to high-melting materials, thus uniform heat is applied 
again, they are not melted and no further contact between the 
leuco dyes and developers occurs, thus recoloration of the 
background by heat is prevented. 

Examples 

Next, the present invention is explained in detail with 
exsunples. Parts and % are by weight. 

Applic ation Exeunple i 

Each mixture of the composition given below was dispersed 
using a ball mill to obtain solutions A-D. 

Solution A 

3- (N-Methyl-N-cyclohexyleunino) -6-methyl-7- 
anilinof luoran 

Hydroxyethylcellulose 10% aqueous solution 
Water 

Solution B 
Bisphenol A 
p-Benzylbiphenyl 

Polyvinyl alcohol 10% aqueous solution 
Water 



10 parts 
10 parts 
30 parts 

30 parts 
20 parts 
25 parts 
150 parts 
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Solution C 
Calcium carbonate 
Stearic acid 

Methylcellulose 5% aqueous solution 
Water 

Solution D 

l-p-Ethylphenyl-3-m-nitrophenyl-2-propen-l-one 
Hydroxyethylcellulose 10% aqueous solution 
Water 

Commercially available wood-free paper (basis weight 
50 g/m^) was coated using a lab rod [transliteration] first with 
a mixture of solution A:solution C = 1:1 mixtxire to dry dye 
adhesion 0.5 g/m^, dried, then coated with a solution D: solution 
C = 1:1 to dry adhesion 2 g/m^ and dried. 

Then, [its] further coated with a mixt\ire of solution 
B: solution 

C = 1:1 to dry solids adhesion 4.5 g/m^, dried, and calendered to 
give a heat-sensitive recording material. 

The heat-sensitive recording material was recorded on using 
a thermal printing simulator at an input energy of 0.5 mJ/dot to 
obtain color density 1.25 and background density 0.08. The 
background was similarly printed after exposure to SM-1500 
(mercury lamp, product of Ricoh Co., Ltd.) with 100 memory [sic] 
to give color density 0.30 and background density 0.09. 



20 parts 
2 parts 
22 parts 
60 parts 



30 parts 
30 parts 
90 parts 



Application Example 2 



Application Example 1 was repeated using l-m-methylphenyl-3- 
m-nitrophenyl-2-propen-l-one in place of the l-p-ethylphenyl-3-m- 
nitrophenyl-2-propen-l-one in the solution D of Application 
Example 1, giving color density 1,25 and background density 0.08, 
and after exposure to light, color density 0.32 and background 
density 0.09. 

Application Example 3 

Application Example 1 was repeated using l-p-isopropenylrS- 
m-nitrophenyl-2-propen-l-one in place of the l-p-ethylphenyl-3-m- 
nitrophenyl-2-propen-l-one in the solution D of Application 
Example 1, giving color density 1.20 and background density 0.08, 
and after exposure to light, color density 0.25 and background 
density 0.09. 

Both the image and background remained in a stable state 
even after being stored for several months. 
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4,4' --f v^a V- If A(o- ^ a a 7 X 

y-A/). 4.4' - V ^ a ^ # i/ 'j 7^ > If X 7 X y - 
A/. 4.4' - ex 7 X y -A'XA/AV. 4-tKa 
♦ J/-4' - ^ □ □ - 1/ 7 X X/VX/l/m >. 4-t 
Ka#i/-4' - Yv^ajK*s/i;7xXA/x/u 

tKa#v yy^A/, p-tKa*:/ 

iftA»«^>i;A/. P- t K □ ♦t/3fcllttaiP- 7 
a a w V j/'A^, 4^ .J 7 X K , ^ <; ^yuai 

-(o- ^ a a 7x ij K), ^ »; f'A/a- (■- K y 
7ao>^yw7xi;K). 4-KKa#V7*;wa| 



*J 2-tKQ«J/-3--^7hxtt. 2- 

tKa#i/-3--^-7KxaiW>'^rt/, 2-tKa 
#i/-3--^7y!*xai7xi;K, 2-fcKa*v- 

3--^7 hx«ai9«. «<t««/7 >^ etj >0 

«E. >^i/vifx-(^*:/x^u>^;r)i;7x 

y-A/, 4-fcKa*i/7trS7xyy, yrf(5y 
^ 51 7 X y -A/<in. y jK 5 V ^ ai 7 X Xfl/ 7 X 
-'-A^«0. i/7 X XA/^JtaH, J/(«-^Da 
7xx;u)f>4'aj|. i/'(»-Sij7aa>f-A/7x 

xA^)f':taa^. 

kf X/P7 -/u, r y ^>at;-t«lt«*, 
S#S/'feA/a-x, tKa#2/xf'A'"feA^a-x, 

^ A^4e # £/ ^ f' A^t A/ O - X . >f-A^*A/a-X, 
xf-A^*yuo-x^OtA^o-x||«», ;K'J7 
i; A/ « y - jr , ;je y if x tf a »j K > , 7 ^ 

A*ai7 4 K/T ^ i; /Kix X^A^M«#*|E. 7i^ 
A^ai 7 4 K/7 ^ »J A^§|x X ^ A'/^ ^ ir .va 
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r5r';n/aixxr>u. « <b - a^/B at i yv^ 
tfx A/^ta^*. L/ >/y ^ s;x>/r 
■c * * . 



?ffSlB362-127281 (5) 

tteDiDl^CrMaifl;9«««L, «l ^ ^ 9 & )t« M » 

t» or* & . 
^^c*«^n<:ll^tfl!!^cJ:•JH^cttl|ic^aI53•r4. 



K t r A-D«feaia tit. 

( A j«) 

->f-;i/-7-7xu-/7rt/;r5v 100 
^ Q JL^junju a ^xio%^ mm 10 # 

* 30* 
Off} 

A 7 X y 300 

p-Wvi/A/tf7xXn^ 2Q, 

jjf»;trx/i/rA^3-rt/io%*(iJt 25 » 

* ISO * 
(C«) 

AUn fyu u 209 

A ^ 7 ' J > at 2 , 

* 60 # 
(Off] 

I-p-x#'yV7xCA/-3-i-X Ko 7xX;i/ 



tKa#j^xf-A/isA/a-Alo%*»tt 30 S 
^ 90 # 

i:C<^ Ai< LT»^n^3ft?!r« ft, T^KJbJttt 
(i^ft S0f/irf)c5j!(ayKftfflv^r. (A 
«) : (Ctt) »l:l<Offl^ttft. «tl«l»f/« 

(0«t) : CC«) -I : i(0O^ttft«fl|fttft 
*<0±k: CB«|] : Cctt] alMOffl 

«lllftl9>l. 

^-o^v KA;(jx*;i/¥ - ft 0. Sij/dotr 

L^ihc^. isdaisi.2s. ttjnjiao.osot»0!> 
j^w^n^. c n ftsH- isoo((ti) 0 3 -a ;tcfl 
5 vy)riox»;tr«»UAtt, ttffiftftna 

^^'^K^ltt Z^. AAtli&0.30. J«ffiaiS0.09 

ft. 
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l?Bae3G2-127281 (6) 

XaWli?) (0«) <;)!-p-xf-/l/7x-/l'-3 
c h a 7 X i /u - ^ □ X y (2) - > (I) . 

:f a ^- >(2) - V (I) f^x feftit , yiMMlfe 

{CO.oacO t (9 19 *3 n. a^tttcO A{^ad[ti0.32. 

^mi^ 3 

- • - - ha 7x -;w-':^ax>(2)-:t:/(i)fe. 
l-P-Yy^axxA/-3-«-rha7x-/i'- 
ya-c>(2)-^r>{i)crtiL^Mtt. 

nai: « c r> £: c 6. fedjiat.2o. ttfiii 



